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I. suraaRy 



Pron the oxperirvental invootigation detailed herein it 
has been determined, at least for two types of struts, that there 
is a very close correlation between (l) the experimentally deter- 
mined buckling load which a given strut will sustain and (2) the 
critical load determined by the use of Southivell's method, which 
does not entail loading the strut to Its critical load. By using 
an initial eccentricity and loads considerably less than the cri- 
tical, the critical load my be derived from thje results of three 
or four simple tost readings, not requiring an clabomto or refined 
setup. 

Experimental verif icati on of existing theory of lateral 
buckling is noted forlho case of stxntts tapoirod to a point at the 
application of the loading. 

Tho possibility of determining the cooentrioity of a 
given loading by plots of P/p vs p is pointed out and tho type of 
curve to be expected is noted. However due to lack of refinement 
of the experimental setup, no definite oonolusions are presented. 

' The theoretical portion of this thesis offers the deriva- 

tion of a formula for the lateral buckling of a thin linearly taper- 
ed strut of constant thioknoss. Due to tho comploxity of the problem 
certain simplifications were made to facilitate this derivation. 

Comparison of tho values determined ty use of this formula 
v/ith the values experimentally determined for four struts shows a 
fairly close oorvelation. 
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It is ouggoBted that in soiao future work a raore thorough 
liweBtigBtion be made of the relation between the eccentricity of 
the loading and the load which a atrut will cany, using a given 
deflection as a parameter. 



II. HJTW)DUCTIOIJ 



In rworonautioal doal(;n tlioro aro covoral instoncoo in vrhioli the 
lateral otability of thin taporod stmts io of topoi’tance. Spocifi- 
cally ono nirlit nention as ©samploa j (l) exposed v?lnd tunnol struts, 
and (2) Qirplan® ortomal antciina lacists. In oaoh caso it is oxtroiaoly 
important that the thinnest possible section bo uood in order to reduoo 
disturbano© of the air flcxr esnd henoo dra^, to a niniraum. At the oamo 
tine it is roquirod to carry as high a load as possible \ 7 ith 0 ut buolj- 
ling or dofloeting exooaeivcly. 

Very littlo literature or oxporincntal data on this particular 
probloa of latoml stability Ivin boon nublisliod a;id most tlTGorotloal 
treat ises deal only with the goiioral nroblom and do not conoidor spe- 
cific applications. This lack of infonnation is even greater for 
oooontrleally loaded or truncated struts. 

■ As a thosis project it was proposed to raako ooae exporinontal 
toats on struts of rarious nlanfonas and tliioknoss ratios. In addi- 
tion it ivas proposed to develop fornulao vrhich rndglic 1x) usod in 
calculating critical buckling loads for lateral stability of (l j thin 
struts tapered to a tliooirctioal point at t’lo point of ap")lication of 
loading and (S ) thin struts , taporod but truncated. 

Tlio purposo of tlxi expertnental work itos lorgolj' tliroo-fold. 

(1) Tinoshonko, Iteforoncc 1, ref erring to a Goraan ropm't by 
l^adorhofor, Iteforonc« 2, gives fornuleo r/xioh give tho critical buck- 
ling, load of a thin strut vdiero tho depth of cross section varies 
according to the Icasrj 

Hofot'enoo It S, Timoshenko, "CTieory of Elastic Stability" , n. 249-250 

IbGrow-Hill, 19S6. 

Itoforonco Ct K. Podorhofor, "Reports Intcrmtloml Congroso of Applied 

Ifoo^ianics" . Stooldioln, 1950. 
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T/hore 



h = h ( 1 - if 

O 



h — depth at root 
i. = longbh 

z — ooordinato alono length 

n oon» valuo vdilch corrooponda to typo of taper. 
TIio oiritlcal huokling load is giron aa» 

p = n 




whore 

and C = flexural and torsional rigiditioe of fixed end 
of a oantilevor otmifc 

n = factor do ponding upon *n* above and upon typo 

of loading. 

It wao dosirod to oheok these reoulto exporinentally and this vra.o done 
for ti7o alisalnun siodela of thicknoss/dopth ratios of l/48 ond 1^6 at 
tho root. 

(2) It was desired to obtain exx»rinontal buokllng loads of trun- 
cated tliin struts which could be ohookod with critical loads to bo worked 
out theoretioally. Alutninun and stoel nodols of thiolcneos/dopth ratio 
1/20 at root and l/i at the tip v/ero tested oxperiniejntally. 

(Sj Southwoll, Hoferenoo S, lias indicated a method of dotomining 
tlie critical load from test data within tho elastic rogirao. All modolo 
have boon subjected to this analysis. 

Rsforenoo St R. V. Southoellf * *Proooedinga Royal Soeiety* *. London^ 

series A, Vol. 135, p. 60, 1932. 
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In addition tho Soufcli^Toll linos dctcraijiod as above v/ill intoi^ 
SGct tho axis of dof loot ions at a certain value o. trhich is a function 

X 

of the occontrioity of tho loading in our caa©, a lias boon plotted 
acainst eccentricity in an attonpt to establish a relationship botvroon 
tho two. 

Tho not hod of prooedure and results obtainod are noted in sections 
III and W below. 

Thoorotioal results are noted in section V. 
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III. nxi’EnrjiiTAi, a-^apatg 



A. THST sppcrjns 

All boot spccinona xroro of' •bto crua© byoc cub froia 

1 / 3 ” (aanrcoriaately } Glioob cold rolled stool or 24 ST aluninucu 

All GtrutG wore docif^ned for an effective lcri{ 3 th (from odr^o of end 

n 

ouoport to noint of loadinjj) of 10 , with vary in,; do,;;rocc of taper 
froD var/inc root deoths. Tliiclnaeoo remained oscontially constant 
throughout, thoi^G^ would perhaps liavo 'aeon desirable to have 
models with taper in t;7o directions* 

At no point in the models \ms shear found to be critical, 
Koivover in designisin the onds of tlic models to carry the Imifo edeo 
it ms necossjiry to carry the Imifo ed;;o sunoort xick alonr; tlie model 
far enough to obtain o\jff icierrt death to resist tl>o bosidinc mociont 
in the yt piano. 

See Apoondix A for drawijx;,o of all modols s 
/ « 

Irlodol A 4,5 root depth, aluminum, tapered to point 

Ifodol n G,o" root depth, aluminum, taporod to point 

t! 

*?odel C 3.5 i^)ot depth, aluminum, truncated 

Ifedol D 5 , 5 " root depth, stool, truncated 

B. RRscRiPTior or ?iysic.-.l srTtjp 

See Ap")ondlx B and C for drewnics and rAiotographo of setup, 

A first cons iderat ion ws.s to obtain conplotc end fixity os 
nearly as nossiblo. The models were heavily bolted by moans of two 
stoel 2 X 2 X 1/4 an^lea, one on each side, to a heavy penafincnt stool 
baclcplato. The flan^^o faces on opposite sides of tlx) model wore scored 
heavily so that wlion the throuch bolts wore tichtonod the floncos would 
bito into the models. It in believed complete end fixity xme obtained, 
for throughout the tests tho indicators returned to eero wlion the load 
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v.'c.c i’e::iovod , ejrcopfc as horeimftcr noted. 

Care v.’nc talron to nount tiic model \Tith the y-axia vertical 
and the e-exis horiaoTital. 

A second considomtion yr 2 .c to obtain the dosirod loading 
at tl'ie desired point. nountin^ the s-axic of cyxiotry horicontal 
and \r applyinr the load in a Tertical direction, a loading perpendi- 
cular to tho strut axis was assured. TIto strut and knifo edge wore 
designed so tliat tlio loading odgo %'ould be on the axis of symotrj'^. 

In addition it ivas desired to have a transvorso x«axis notion of the 
knife edge to provide for cccontricity of loading. TIso of sot scrowo 
as sham in the knife edge detail allarod t’->io eccentricity to bo 
introduced, (iTotot In this experlnenfc the eccentrloii^ adjustiaant 
XT0J3 not very precise, since tlio sot eoram inbeddod thonsolves into 
tho nodels to a vain'^ing and unaeasureeble degree. In addition, tlioro 
ft-as a tendency of tlio screws to clliab on tho nodol when tujrning and 
of thus tv/isting tho fcnifo edge. A suggostod alternate screw design 
is sham for future work. .Also it is suggested tlmt soae aoans for 
keeping tho knife edge aligned with the i-ajcin bo introduced). To 
allow the knife o<lge to seat maro easily on tho nodol, the suirfhce 
of the nodol was grooved, giving, in affect, two mmllol linos of 
contact for the knife edge to seat on. 

The loading was acconpllslied slnply by hanging vreights in 
c pan, tlirough a saddle, over tlio knife edge. To o.void dyianio land- 
ing and to prevent buckling failure prcmtixrcly, a jack was provided 
under the welghb pan to apply or relievo loading. 

A fourth cons idomtion was to rmacuro deflections. Angular 
deflections, duo to thoir greater case of rxjasuronent, wore ohoson 
rather than damward or sidavioo deflections, ac the deflootion 
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parcLoetor in all considerations. It rao folt that a sinolo laoclnanical 
pointer •*rould suff ioo if cuff iolont mgnlfioation troro providod. Coii- 
ooq\«)nt2y a oO” am was clasped socniro^’’ on the ed^o of each specisan, 
the am being deaounrbablo so tliat tiic case pointer could be ueod on 
successive raodels, A pieco of lailliiaetor gra^di paper was nounted 
bohind each end of the pointer xTlth its coordlnatoB in tlic verbical 
and horlsontal directions. lii order to obtain a neasure of the angle 
of twist of the nodel it traa only rvocoscary to raoasuro the difforonco 
in the vertical deflection between the two ends of the oointor. This 
offootivoly considers the angle os being directly proportional to tlie 
sine of the angle. This approxiineitlon is valid for tho cmll angles 
which vro are laeasuring. Tho nillinotcr graph paper was adjusted for 
each model so tliat tho pointers would read zero in each coordinate 
before application of load. It was fotsv! t’lat the position of tho 
pointer could bo estinatod to l/lOth of a aiillisnetor. Side deflections 
of the model caused ono end of the pointer to rub on tho indicating 
panel, thus introducing a slight Btabilising noneiit. Thic nesaont tjus con- 
sidered negligible due to tho use of a pointer of very small rigidii^. 

C. TESTING P’ROCFDTJEE 

Tlio model raxa set up in tho rig as indicated in B a'xivc, cmd 
tho reading scales sot so that the pointers road zero. Loading vxas 
aopliod in varying incroaontc doponding upon tho sice of tho nodol and 
upon tho proocinity of tlio applied to the critical loads. This first 
loadiT^ was to dotemino the experimental critical load for strut, or 
the mxisnsa centrally apnliod load which strut v;ould support vrf.th do- 
floction in tho ys-plono only, and above ^f.iioh the sligrtost oxtemal 
disturbance would cause tho strut to buckle. Tho knifo odgo \ms first 
placed at the approximate oontor of the nodol. As loads wore applied 
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tilo nodol would fcend to defloot sidowo-yo in ono direct ion, or tho 
other* Accordingly tho knife od{^o v/ould bo laofvcd by rxians of t’lo 
ad.jvB'iaacnt set scrcras, in a direction opposite to tho rxybion* Hila 
adjustnent was node trlth the load largely rolioTred by means of tho 
jack. Then the load rms applied again arid the procoBs repeated until 
daTTward dofloction only was noted. Additional \TelgiTts were added 
mtil another side deflect I ot was noted, a»l tho Isaifo edge adjust- 
ment proocsK repoatod. Finally a load r«as reached v.dioro the slightest 
nowenont of tho toifo edge in oitlTOr direction would caxise tiio strut 
to buckle in that direction. This load was taken as the exporinentai 
critical load, a»l the position of th© knifo edge as tho sero position^ 
for that strut setup* 

The knife edge was always shifted with sonie, but not all, 
load ap^ilied to facilitate ocatirsg of tl» knife edge on t lie strut, 

'before loads wore applied or taken off, the jack underneath tho pan 
was used to take tho load froa the knifo edge and hence from the strut. 
Following tho locating of tho eero point of the laaife edge for tlio par- 
ticular nodol setup, a certain amount of occontricity of loading was 
introduced by shifting the loiife edge. As weights were added, readings 
wore tal3n, at various loading stages, of the accumulated loading and 
of the position of tlie pointers in the y and x directions on tho indi- 
cating paper. Then tho occontricity was increased and tho i;a*ocedure 
repeated. This nrococs was carried out until tlie knife edge was located 
almost at tho edge of tho model* 

Since it was not desired to oscood the yield stjpcmgth in those 
laodols tho angle of twist had to bo h^d witJiin sotao limits, except in 
the final mxns, Tlao readings wore roughly plotted os they wore made 
and when tho flat of tho curves of difference versus load wan reached. 
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ao further roadiae wore takoa. 

Betivcoa each chaago ce? oocentrieity, «®ro readings on t!ie 
poiater were chocked to bo certain of cOEn^lcto end fixity onl the 
absence of yielding. 
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IV. EXPERr!F~l!.\L HI~.TJL’JS 
A. DAT.' 

1. 'Ribular ro 2 S 2 

Pageo lb to '13 prooGiite data in tubular fom. TJio 
different runs ropjrocciit different coccntricitioo ao 
noted, and tivD data lo prcoc’Ttcd in six cola'rsis as folio 's c 
(1 j Cuuilativo loadinc - P* 

(2 ) Itoadin[; in t!v^ jr-dircction of the loft end of tiir 
no inter in nill iiaotoro, 

(o ) a>adinjj in the y-diTOction of the ri^dro end of t?io 
poi'’itcr in nilliniotoro. 

(4 } Iteading of citlior ri£-Iit or loft end of the noia'^or 
in t!x» :c-diroction in nillinotcrG. 

(5; Diffcrcnct5 bo'feToen roadinc^ of fx ■bi'.'o or.de of tlio 
pointer in nlllinctorc, 1?D7J. t TIilo d:ifforoncc 

y as Iic-s boon poinbed o'xb, is taten ac direct l^*'" 
and linearly rolntod to tl:so ancle of 'tv/ist f, and is 
used in nlaco of p. T5ic unite of DIPP. oi'c niillnotcro 
\ plot of fir?, VC p ic included in ap'oendis D» 

(G; Diffcrcnco divided '*rj the cunulativo loadinc “ DIPP./^. 
Tiiic co3.a'.m loas not been calculated for all 
Pare 45 ccxntR,inc ■tabular data a^' eccentric and (coc r’p:ro- 
duction) for tJic variouo nodelc. T’lis data is tol:o:: fron 
cliartG 1, D, F and H, and from tho tabular data. 

2. Gra^^iical Ponn 

PicuroG A to I (paceo 46 to 54 y oho.-; i\3Gnlts in cn.nhioal 
fonn. '.11 of tl'io tabular data liac not '’xkjji slotted .since nt.n'/ 
curves v.-ould 'c Ir.rcol^' coincident. Illustrative cnr\''eG arc 
' c ham. 
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Agiin, DIPF, stcindc for difforonoc vrhich io d:Lrecri2i/ TjroixarOior-ai 
to tlio cmclo 0^ twist (sco Appendir D;, and the mito of DST. arc 
nlllinotors. 

Curves are labeled as ITJ!! 1, oto. TItooo toms oorroopond to 
various oooontrioitios v/hioh vaiy for tlx) difforciTb runs for dlfforcnt 
inodolo* Howovor ©ocentrioity inoroasos as t!» nn numljors incroooo# 
Piguro E alTowo curves runninc what ni^iifc bo coasidoxv3d a norci- 
tive difforonoo. Tills was duo to a r«Tvorsal noted ai this nodol. At 
low oooentrloitloo and loads tho nodol ^xDf-an to tr;iet i?i one dircctiai 
and t!x>n sv;ltoliod its direction of twist as tl'io load me inorcased. 
Tills mo considered duo to initial twist in the model* 

Fi{*uro I shoiTO emphical fom of oooontrioity vc c^. 
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I 



I? 



^/Oo 



I'odel A 



Alunin'on 



4.5 



II 



root depth 



n 

-0- tip depth 



0,125 thickness 



( 1 ) ( 2 ) 
Critical Run 



(5 ) (4) (5) (6) 

II 

Eccentricity = =0 



8.5 

33.6 

44.0 
54.3 

64.5 

69.5 

70.0 

70.5 

71.0 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Run 


1 Eccentricity 




= 0.00195 


33.6 


-0.2 


-2.3 


-0- 


2.1 


.0625 


44.0 


-0.2 


-2.9 


-0- 


2.7 


.0614 


49.0 


-0.2 


• 

to 

1 


-0- 


3.2 


,0653 


54.3 


-0.1 


-3.9 


-0- 


3.8 


.0700 


59.3 


0 


-4,4 


+0. 1 


4.4 


.0742 


61.3 


+0.2 


-4.8 


0.2 


5.0 


.0815 


63.3 


C.4 


-5.2 


0.4 


5.6 


.0884 


65.5 


1.1 


-6.0 


0.6 


7.1 


.1084 


66.5 


1.6 


-6.4 


1.0 


8.0 


.1203 
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(i; 


(2J 


(SJ 




(pj 


(c:j 


Run 1 (confc’dj 


nooojtbrlci-by - 




0,00195^’ 


67.5 


2,5 


-7.3 


1.5 


9.6 


.1423 


63.5 


5.7 


-8.7 


2.4 


12.4 


.1810 


69.0 


<-.3 


-9.9 


5.2 


14.9 


.2130 


69,5 


7.2 


-12.2 


4.5 


19.4 


.2790 



(1) 


(PJ 


(3) 


(4J 


(5; 


(G) 


Run 2 Hcocntrioity •= 


O.OC590" 


SS.6 


0.2 


-2.9 


-0- 


5.1 


.0922 


44.0 


0.7 


-3.9 


+0.2 


4.6 


.1046 


54. S 


1.2 


-5.2 


0.4 


6.4 


.1180 


50.S 


1.9 


-6.5 


0.8 


0.2 


.1504 


61.S 


2.4 


-6.9 


1.5 


9.5 


. 1513 


'3.3 


3.2 


-7.9 


1.5 


11.1 


.1752 


G4.5 


G.9 


-n.s 


2.1 


12.7 


.1969 


G5.5 


4.7 


-9.6 


?.G 


14.3 


.2180 


66.0 


r. o 

Jm 


-10.0 


3.0 


15.2 


.2500 


66.5 


5.9 


-10.8 


3.S 


16.7 


.2510 


67.0 


6.7 


-11. G 


5.7 


18.3 


,27Z2 


67. 5 


7.7 


—12.6 


4,5 


20.3 


.3005 
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(1) 


(2J 


(sj 


( 4 ; 


(5; 


(6) 


Sun 5 FiCoontrioity 


cr: 


-- 0,00586" 


SS.G 


0.0 


-3.2 


— 0— 


4.0 


.1191 


M.O 


1.2 




—0,2 


5.5 


.1251 


54,5 


2.2 


-6.2 


—0,6 


0.4 


.1543 


59.S 


3.2 


-7.7 


-1.3 


10.9 


.1330 


G1.5 


3.9 


-9.4 


-1.7 


12.5 


.2006 


65.3 


4.9 


CO 

• 

0 

1 


-2.5 


14.7 


,2520 


64.5 


6.1 




-3.2 


16.9 


.2620 


65.6 


7.2 


-12.0 


-S.8 


19.2 


.2052 


6G.0 


7.9 


-12.0 


-4.5 


20.7 


.5154 


66.5 


8.9 


•13«9 


-4.9 


22.0 


.3428 


(1) 


(2) 


(3; 


(4) 


(5; 


(e; 




Bim 4 


Eooontrioity *= 


0.00780 


SS.6 


1.2 


-S.7 


-0.2 


4.9 


.1468 


44.0 


1.8 


-5.0 


-0.4 


6.0 


.1646 


49.0 


2.2 


-5.9 


—0*5 


3.1 


.1652 


54.3 


5.1 


-7.1 


-1.0 


10.2 


.1380 


B7.S 


3.0 


-8.1 


-1.4 


11.9 


.2075 


59,3 


4.5 


-0.9 


-l.G 


13.4 


.2260 


61.5 


5.4 


-10,0 


-2.4 


15.4 


.2511 


62.3 


6.1 


-10.7 


-2.0 


16.8 


.2690 


63.3 


6.9 


-11,6 


-5.5 


18.5 


,2920 


64.6 


0.2 


-12.9 


-4.0 


21.1 


.3273 


65.0 


0.9 


-13.7 


-4.4 


22.6 


.3478 


G5.5 


9.8 


-14.6 


—5.0 


24.4 


.3722 



m 





(i; (2; 



{sj ( 4 ; ( 5 ; (g; 





5 Eccentricity 




= 0 . 00977 " 


5o.G 


1.0 


-3.9 


0.2 


5.2 


.1548 


44. G 


2.1 


-5.3 


0.4 


7.4 


.1681 


49.0 


2.7 


-6.3 


0.0 


0.0 


.1856 
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0.4 


-0.2 


.0033 


64.93 


-1.1 


-S.S 


1.6 


->8.2 


.0339 


65.93 


•K>.5 


-5.1 


5.2 


5.6 


.0050 


66. 45 


S.l 


-7.7 


5.2 


10.3 


.1625 



•kj O ' 



( 1 . 



( 5 . 



C* ■ 






{r 









- o.oxg'' 






•1. c 


—0,2 


C.l 


•w'* C 


.COiC 


T 

C - • w I- 


-l.C 


-l.i 


C.l 


— ^ . 5 


.011-7 


4.r.57 


-1.3 


-l.C 


C." 


f- 

— . t- 


.0'4'C 


5^.C7 


-1.3 


-1.0 


r 


-".i 


.crii 


53.x 


-1.3 


r> •* 


0.3 


■HO. 5 


.crci 


31. 3S 


-1.1 


-2.5 


1.1 


l.C 


• 0 . — 


G2.3? 


-1.0 


-3.1 


1.5 


2.1 


.0534 


65.93 


-0.4 


-r.e 


l.C 


3.4 


.C5S1 


e-4.33 


+C.4 


—4.. 9 


2.C 


5.S 


.031C 


(75/42 


1.5 


—5. 9 


5.5 


7.4 


.~11S 


65,33 


^ 1 


-7.7 


5.C 


11.3 


.0164 


(1. 


(o 




(4y 


(5; 


(c; 


■?vr^ S 


Ic-ocntricit;.' 


- 


- 0 , 0052 " 




-1C. 13 


-l.C 


-1.0 


-".I 


•O* 




3 5.32 


-1.1 


-1.1 


0,1 


c.l 




4?.-'7 


-1. 5 


-1.9 


c.^ 


C.4 




54. CT 


-1.4 


r- r- 


0.3 


c.o 




. 36 


-'".3 


-3.0 


1.5 


2.1 




S1.93 


. c 


— - . 


1.' 


3.5 




G?.3S 


■K3.1 


—4. cS 


2.2 


4.4 




63.9S 


1.1 


-3.2 


S.l 


C.3 




C4.33 


i • 


-7.1 


•:>.4 


0.3 




C5.42 


• 1- 


—5. 3 


3, C 


11.1 






‘ 31 ^ 



(1} 


(2j 


to 


(4; 


(5; 


(g; 


Rm 4 


Eocxji'rtirioity 


- 


= 0.007s" 


C.J 0 JL.C.J 


-0.9 


-1.1 


0.1 


0.2 


.0069 


r* O IT 
Ki 


-1.1 


-1.3 


0.2 


0.2 


.0051 


49.67 


-1.5 


-1.9 


0.3 


0.4 


.COSO 


54.67 


—1.3 


-2.2 


O.G 


0.9 


.0165 


59.93 


— O.C 


-3.2 


l.S 


2.4 


.0400 


G1.9G 


-0.2 


— S»9 


2.0 


3.7 


.0596 


62.93 


•K).S 


-4.6 


2.S 


4.9 


.0779 


63.93 


1.2 


-5.6 


3.2 


6.0 


.1063 


64.93 


3.1 


-7.6 


4.5 


10.7 


.1648 



(IJ 


(2j 


(s; 


(4; 


(s; (g; 


Rlui 5 


Focontricity 


- 


- 0.0104" 


29.12 


—0. 9 


-1.1 


0.1 


0.2 


39.32 


-1.1 


-1.4 


0.2. 


0.3 


49,67 


-1.5 


-1.9 


0,3 


O.G 


54.67 


-1.2 


-2.4 


0.6 


1.2 


59. 93 


-0.5 


-3.3 


1.5 


2,0 


61,93 


+0.1 


—4,1 


2.1 


4.2 


63,93 


1.7 


-6,0 


S.S 


7.7 


64.93 


3.3 


-0.1 


5.0 


11.9 


65,43 


5.4 


-10,0 


6.5 


15.4 



( 1 ) (S; 



(<1J (5; (g; 



(5; 



i?an G 


rcoontrioity 




-- 0.015G 


f? 


20,12 


-0.9 


-1.1 


0,1 


0.2 


.00G9 


3 


-1.1 


-1.4 


0.2 


o.s 


.0076 


49. G7 


-1.3 


-1,9 


0.4 


O.G 


.0121 


54, C7 


-1.1 


-2.6 


0.6 


1.5 


.0274 


59, 93 


-0,7 


-0.5 


1.0 


2.8 


.04G7 


G1.95 


+0.2 


-4.2 


2.1 


4.4 


.0711 


GS,9S 


1.9 


-6.2 


3.6 


8.1 


.12G8 


64,93 


4.0 


-y.s 


5.5 


12. S 


.1094 


65,43 


5.9 


-10,7 


7.0 


1G.6 


.2530 



( 1 ; 


(2; 


(s) 


(4; 


(5) (GJ 


Run 7 Ecoorrfcriciti'' 


- 0,0208” 


29.12 


-0.3 


-1.1 


0.1 


0,5 


S9.S2 


-1.0 


-1.6 


0.2 


0.6 


49. G7 


-1.1 


•2« n 


0.5 


1.1 


54.67 


-0.9 


-2.7 


0.9 


1.0 


57. G7 


-0.8 


-3.2 


1,2 


2.4 


59.93 


-0.2 


-3. 9 


1.7 


3.7 


GO. 93 


+C;.2 


-4.1 


2.1 


4.3 


61.93 


O.G 


—4. 8 


2.4 


5.4 


G2.9S 


1.5 


-5.G 


5.0 


6,9 


GS.9S 


2.G 


-6.9 


4.0 


9.5 


64.93 


5.0 


-O.G 


6.0 


14, G 



(i; 


(2j 


(s; 


(4; 


(r3; 


(6; 


EU7' 


1 0 


rccontrloity 


- 


0.02G0" 


20.12 


-0.7 


-l.S 


0.1 


O.G 


.0206 


K9.o2 


-0.8 


-1.9 


0.3 


1.1 


,0200 


49.67 


-O.G 


-2.9 


0.0 


2.5 


.0465 


!54,C7 


-0.1 


-S. 5 


1.2 


5.4 


,0G21 


5G.G7 


■fo.i 


—4.0 


1.5 


4.1 


.0725 


r>6.67 


0.7 


-4.7 


2.0 


5.4 


.0920 


50.95 


1.2 


-5.2 


2.4 


G.4 


.10G9 


60.95 


1.8 


-5.0 


5.0 


7.6 


.1240 


61.93 


2.4 


— G.G 


3.5 


9.0 


.1454 


G2.95 


3.7 


-7.9 


4.5 


11. G 


.1045 


G5.95 


5.4 


-9.9 


G.O 


15,3 


.2395 


G4.45 


G.9 


-11.4 


7.0 


18.5 


.2840 



(1} 


(2) 


(s) 


(4J 


(s; (g; 


Run 


9 


rcoc?rrfcricity 




= 0.0312*' 


29.12 


-0- 


-1.9 


0.2 


1.9 


CO 


•K).l 


-2.0 


0.5 


2.9 


44.52 


0,5 


-3.2 


0.9 


5.5 


49. G7 


0.0 


-4.1 


1.3 


4.9 


52,67 


1.2 


-4.0 


1.7 


G.O 


54. G7 


1.3 


-5.2 


2.1 


7.0 


56. G7 


2.5 


-G.O 


2.5 


3.0 


58. G7 


5.2 


-7.1 


3.5 


10.5 


59.95 


4.0 


-0.0 


4,0 


12.0 


GO. 93 


4.9 


-ao 


4.G 


15.9 


G1.96 


C.l 


-10.5 


5.7 


igU- 





(2; 


(s^ 


(4; 


(•5; 


(Gj 


Run 10 


EcoontriciOy 


- 


-- 0.a5G4^ 


29.12 


0.5 


-2.3 


0.2 


2.3 


.0961 


39, S2 


1.1 


-3. 6 


0,7 


4.7 


.119G 


44,32 


1.3 


•4,3 


1.1 


5.G 


.1265 


49.67 


2.2 


-5.5 


l.G 


7.7 


.1550 


52. G7 


2.9 




2.4 


9.2 


,174G 


54. G7 


S.5 


-7.1 


3.0 


10. G 


.1967 


50. G7 


4^4 


-0.2 


5.5 


12. C 




53.67 


5.0 


-9.3 


4.6 


15. G 


.2CG0 


59.93 


7.1 


- 11.1 


5.6 


10.2 


•SAr-K 


(Ij 


(2J 


(s; 


(4; 


(Sj 


(QJ 


Run 11 


Ecoonbrioity 




« 0.041G 


n 


29.12 


0.7 


n 


o.s 


0.2 




39.32 


1.2 


-6.8 


0.0 


5.0 




44.32 


1.7 


-4.G 


1.2 


G.3 




49.67 


2.4 


-5.8 


2.0 


3.2 




52.67 


3.2 


-6.7 


2.5 


9.9 




54. G7 


4.0 


-7.5 


6,0 


11.5 




5G.G7 


4.3 


-0.7 


5.7 


13.5 




50. G7 


6.2 


-10.2 


5.0 


1G.4 





(i; 


{ 2 ; 


(Sj 


( 4 ; 


(5; 


(Cj 


Han 12 


Eccon’crioity 




- 0.05 


f* 

20 


29.12 


0.9 


-2.8 


o.s 


S.7 


.1271 


S0.K2 


1.4 


-4,1 


1.0 


5.5 


.1400 


44.52 


2.2 


-5.0 


1.5 


/ . 2 


.1625 


49.67 


3.0 


—6.2 


2.0 


9.2 


.1850 


52.67 


5.8 


-7.2 


2.7 


11.0 


.2005 


54. G7 


4.6 


-8.1 


S.5 


12.7 


. tso 20 


5G.67 


5.7 


-9.6 


4.2 


15. S 


.2697 


50.67 


7.S 


-11.2 


5.5 


13.5 


.3147 


59.93 


0.8 


-12.9 


6.5 


21.7 


.3620 






t,:«odol D 



Stool 3,5*' root dopbb 0,5*' tip depth 



0,120” 



thloknooa 



(1.1 (g/ ..(SJ (6j 

ft 

Critical Run Ecoontricity = — 0 



Q.5 

67,5 

92.41 

116.64 

140.96 

164,87 

175,24 

185.49 

190.49 



il) 


(2) 


(SJ 


(4J 


(s; 


(c; 


Run 1 Ecoontricity ~ 


^ 0.0015 


67.5 


-0,9 


-0.9 




-0- 




116,64 


-1.5 


-1.5 


+0,1 


-0- 




164.87 


-2.0 


-2.2 


0,1 


0.2 


.0012 


175,24 


-2.0 


-2.5 


0.1 


0.3 


.0017 


185.49 


-1.7 


—3.1 


0.5 


1.4 


,0076 


187.49 


-0.7 


-4,0 


1.3 


5.5 


.0176 


188.47 


■K),7 


-5.4 


2.5 


6.1 


.0324 



- 37 - 



( 1 ) 




( 5 j 


( 4 ; 


(r>; 


( 6 ) 


Run 2 


Eoconfcricity 




- 0.0026 




C 7.5 


- 0.9 


- 0.9 


- 0 - 


- 0 - 




116.64 


- 1.5 


- 1.5 


- 0 - 






164.87 


- 1.9 


- 2.2 H - 0.2 


+ 0.5 


.0018 


175.07 


- 1.8 


- 2.7 


0.3 


0.9 


.0051 


170.87 


- 1.8 


- 2.9 


0.5 


1.1 


.0061 


180.87 


- 1.7 




0.6 


1.3 


.0072 


182.67 


- 1.5 


- S .2 


0.8 


1.7 


.0093 


184.87 


- 1.1 


- 3.5 


1.1 


2.4 


.0130 


185.87 


- 0.9 


- 3.9 


1.2 


5.0 


.0102 


186.57 


- 0.7 




1.5 


5.4 


.0182 


186.87 


-o.s 


- 4 .S 


1.7 


4.0 


.0214 


187.57 


mOm 


- 4.9 


2.0 


4.9 


.0261 


187.87 


+ 0.5 


- 5.5 


2.4 


5.8 


.0509 


108.57 


1.2 


— G. 1 


5.1 


7.5 


.0588 


180.87 


2.6 


- 7.2 


4.0 


9 . 8 - 


.0519 


(1) 


( B ) 


(5) 


(4) 


( 5 ) 


( 6 ) 


Run 5 


Eoosntriolty 


- 


“ 0.0052 


n 


67.5 


- 0.9 


— 0.9 


• 0 — 


- 0 - 




116.64 


- 1.5 


-l.G 


- 0 - 


40.3 


.0026 


164.87 


— 1. 8 


- 2.4 + 0.5 


0.6 


.0036 


175.26 


- 1.4 


- 3.0 


0.5 


1.6 


.0091 


170.24 


- 1.2 


- 5.1 


o.n 


1.9 


.0107 


180.24 


- 1.1 


- 5.4 


1.0 


2.5 


.0128 


182.24 


- 0.9 


- 5.9 


1.1 


5.0 


.0164 



-38 




i 




a; 


(2J 


(o) 


( 4 ; 




(g; 


Hun 5 


(oonb'd) 


Kccjontricity 


= 


0 . 0052 ” 


104.24 


-0.2 


—4.5 


1.6 


4,1 


.0222 


105.49 


•♦o.s 


-5,1 


2.2 


5.4 


.0291 


106.99 


1.2 


—6,0 


s.o 


7.2 


.0506 


107.49 


5.4 


-8.1 


4.5' 


11.5 


.0614 



(1) 


(2) 


(3) 


(4} 


(5) 


(6} 


Run 4 Eccentricity •= 


“ 0.0078" 


67.5 


—0,9 


-1.0 


-0- 


0.1 


.0013 


116.64 


-1.5 


-1.7 


+0.2 


0.4 


.0(^4 


164.87 


-1.4 


-2.8 


0.5 


1.4 


,0085 


169.87 


-1.5 


-3.0 


0.4 


1.7 


,0100 


175.24 


-1.1 


-3.2 


0.6 


2.1 


.0120 


178.24 


—0, 9 


-5.7 


1.1 


2.8 


.0157 


180,24 


-0.6 


-4,0 


1.4 


S.4 


.0189 


182.24 


-0.2 


-4.4 


1.6 


4.2 


.0230 


183,24 


+0.2 


-4.9 


2.0 


5.1 


.0270 


184, 24 


0.7 


-5.5 


2.4 


6.0 


.0326 


185.40 


1.7 


-6.5 


S.l 


8.0 


.0431 


186.49 


3.1 


-7.8 


4,0 


10.9 


.0584 



-S9- 



il) 


(2; 


(s; 


(4; 


(5; 


(6J 


Run 5 


Eccentricity 




0,0104" 


G7.5 


-0.9 


-1.0 




0,1 


,0015 


116.64 


-l.S 


-1.7 40.1 


0.4 


.0034 


140.95 


-1.5 


-2.1 


0.1 


0.6 


.0045 


164.87 


-1.7 


-2.7 


0.2 


1.0 


.0061 


169.87 


-1.4 


-2.8 


0.5 


1.4 


.0082 


175.24 




-S.l 


0.6 


1.8 


.0105 


178.24 


-1.1 


-5,4 


1.0 


2.3 


.0129 


100.24 


-0.9 


-S.G 


1.2 


2.0 


.0161 


182.24 


-0.5 


-4.1 


1.4 


5.6 


.0197 


184.24 


40.1 




2.0 


5.0 


.0271 


185.24 


0.3 


-5.5 


2.5 




.0340 


(1) 


(2; 


(s; 


(4; 


(6} 


(e; 


Ban 6. 


Eooerrbrioity 


ci: 


^ 0.0156" 


67.5 


-0.8 


-1.1 


-0- 


0.5 


,0045 


lie. 64 


-1.1 


-1.9 


-0- 


0.8 


.0069 


140.95 


-1.2 


-2.5 40.5 


1.5 


.0092 


164.87 


-0.9 


-S.2 


0,7 


2.5 


.0140 


169.87 


—0. 8 


-5,7 


1.0 


2.9 


.0171 


175.24 


-0.2 


-4.1 


1.4 


5.9 


.0222 


178.24 


40.2 


-4.8 


1.7 


5.0 


.0260 


180.24 


0.7 


-5.2 


2.1 


5.9 


,0527 


181.24 


1.0 


-5.7 


2.5 


6.7 


,0570 


102.24 


1.6 


-6.0 


2.7 


7.6 


.0417 


185.24 


2.2 


-6.8 


5.1 


9.0 


.0491 


184.24 


2.9 


-7.6 


S.B 


10.5 


.0570 


185.24 


4.1 


-8,9 


4.7 


L5.0 


.0701 



- 40 - 



(l; 


( 2 ) 


(s; 


(4j 


(n; 


( G ) 


RIEI 7 


EcooJifcrioltj' 


- 


= 0,0200" 


G7.3 


-0.4 




0.1 


0.9 


.0134 


92.41 


-0.5 


-2.0 


o.s 


1.7 


.0184 


116.64 


-0.2 


-2.7 


0.5 


2.5 


.0214 


132.01 


-0.1 


-S.2 


0.6 


S.l 


.0235 


140. 95 


•H).l 


-3.7 


1.0 


3.8 


.0270 


151.32 


0.4 


-4.2 


1.2 


4.6 


.0304 


156.32 


0.8 


-4.7 


1.5 


5.5 


.0552 


161.57 


1.2 


-5.1 


1.8 


6.3 


.0590 


166.57 


1.8 


-5.9 


2.2 


7.7 


.0462 


169.57 


2.2 


-6.4 


2.6 


8.6 


.0507 


171.86 


2.8 


-7.0 


5.2 


9.8 


.0570 


173.06 


S.3 


-7.8 


3.5 


11.1 


.0639 


174.86 


5.8 


-0.0 


S.7 


11.8 


.0675 


175.86 


4.2 


-0.6 


4.1 


12.8 


.0728 


176.86 


4.7 


-9.0 


4.6 


13.7 


.0775 


177.86 


5.2 


-9.7 


5.0 


14.9 


.0838 



. 41 . 



(1) 


i2j 


(S j 


( 4 ; 


(5; 




Hun 


0 


Ecconfcrioity 




O.O 2 G 0 " 


G7.S0 


0.2 


-1.9 


0.2 


2.1 


.0512 


92.41 


0.4 


••S# 8 


0.4 


5.2 


.0346 


11G.64 


0.9 


-3.8 


0.8 


4.7 


.0403 


1S2.01 


1.4 


-4.7 


1.2 


G.l 


.0461 


140.95 


1.9 


•■5# 5 


1.5 


7.2 


.0511 


151.S2 


2.7 


^0 2 


2.1 


0.9 


.0588 


161.57 


4.1 


• 

CO 

1 


3.2 


12.2 


.0755 


164.87 


4.7 


-0.8 


S.5 


13.5 


.0820 


1G7.87 


5.5 


-9.8 


4.2 


15.5 


.0912 


169.87 


6.2 


-10.5 


4.9 


16.6 


.0972 


171.87 


7.1 


-11.S 


5.5 


18.4 


.1075 


174.24 


8.9 


-15.5 


6.8 


22.2 


.1275 


( 1 ) 


(2^ 


(3) 


( 4 ; 


(5) 




Run 9 


Eooontriclty 


— 


- 0 . 0512 ” 


67.30 


0.5 


-2.2 


0.2 


2.5 


.0372 


92.41 


0.8 


-5.1 


0.4 


5.9 


.0422 


107.78 


1.2 


-3.9 


0.8 


5.1 


.0475 


116.64 


1.5 


-4.3 


1.0 


5.8 


.0498 


132.01 


2.1 


-5.5 


1.3 


7.4 


.0560 


140.95 


2.7 


-G.l 


1.0 


8.8 


.0625 


151.32 


S.7 


-7.3 


2,5 


11.0 


.0726 


156. S2 


4.3 


—8. 1 


3.1 


12.4 


.0795 


161.57 


5.S 


—9.3 


S.9 


14.6 


.0904 


16G.57 


6.8 


-10.9 


5.0 


17,7 


.1062 
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(1} (2j 



(S; ( 4 ; (Oj ( 6 ) 



Run 10 


Eccentric ity 




^ O.OS 64 " 


C7.S0 


0.4 


-2.2 


0.2 


2.6 


.asoG 


92.41 


0.9 


•5»1 


0.4 


4.0 


.04SS 


107.78 


1.2 


- 3.0 


O.G 


5.0 


.0464 


116.64 


1.5 


to 

• 

t 


O.G 


CD 

0 


.0493 


140.95 


2.7 


- 6.1 


1.7 


0.8 


.0625 


151.32 


S.7 


-7.5 


2 . 4 ' 


11.0 


.0726 


(1) 


(2) 


(5) 


(4; 


(6) 


(6) 


Run 11 


Eccentricity 


tr 


' .0416” 


67.80 


0.6 


-2.2 


0.2 


2.8 


.0416 


92.41 


1.0 


-5.2 


0.4 


4.2 


.0455 


107.78 


1.8 


-4.0 


0.7 


5.5 


.0492 


116. G4 


1.8 


-4.6 


1.0 


G.4 


.0550 


132.01 


2.5 


-5.4 


1.4 


7.7 


.0582 


140.95 


2.9 


-6.5 


1.0 


9.2 


.0653 


151.52 


4.0 


-7.7 


2.6 


11.7 


.0772 


161.57 


5.9 


-9.0 


4.0 


15.7 


.0972 


1GG.67 


7.2 


-11.2 


5.2 


18.4 


.1104 
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(1) 


(2j 


(s; 


(4) 


(5) 


(G) 


Kun 12 


Eooontriolty 


sr 


- 0.052o” 


67. SO 


1.1 


-2.7 


0.2 


3.0 


.0565 


92.41 


1.7 


-3.9 


0.5 


5.6 


.0607 


116.64 


2.7 


-5.4 


1.2 


0.1 


.0695 


140.95 


4.5 


-7.9 


2.S 


12.4 


.0380 


131.32 


5.9 


-9.7 


5.2 


15.6 


.1030 


161.57 


8.3 


-12.2 


5.2 


20.5 


.1270 


171.06 


13.6 


-18.0 


8.0 


S1.6 


.1841 
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r.DDBL C 



IDD12. D 



Run 


Eooonfcrioity 


X 


Eccentricity 


ft 

i 


11 


0.0416" 


27.2 


0.0416" 


IS. 2 


12 


0.0520" 


34. G 


0.0520" 


18.2 



9-lr- 



lOO 




30n,pp35 40 

FIG. C 
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3, cry’ic uB •n'T; 



\G i!idicai:cd in t!x) Introdncticn, Tinocho’iko •■'XiG s’.io.ra t!« 
t’-x^orotical bucklinc load for t!ic thin caatilcvcr cti’ut tc/>ored to 
a ;x)int to ^x)i 



n 



cr 






For ctrutD A and 3, ’nlieTC t 



h - (I*®** J"- 

and wliore Q oonc®itrated load ic apoliod at tlie cud, 'Ja’ has a tab ilatcd 
value of 2*405 (aofcronco (1), p. 5), ands 

£ — length 






h b“ 





G •- 


,hj£ 

o 


(1 - C. 


G50 J.) G 
Ij 


v;!icro s 


h - 


do?bh 








b ' 


thiclnicGe 




In tabular 


fom: 








i 


9 V'J 


h ("; 


0 ("; 


D (10^ j 


’kDdol A 


13 


4.5 


0.125 


10.5 


Ibdcl B 


1C 


G.O 


0.125 


10.5 



cr 



(i.XJ ^ 



Or, ti5c tlicorctical buckling loado for nodolc A and n aro G8*9 lbs. 
and 92*2 Ibo*, respect ivoly. 

Pages 15 to 29 and figures A and C oha? tJic data in tabular aru3 
graphical fm*m for nodolc i and B. 

Poforring to the data, *.7o fijid tiKj critical loc.de detemiiiod 







poctivcly. In tabular forr-i 



’ !Oiol A 



Tlxjorctior.l rjcr'ori'.Tontal 




I or T :iocv, 

101. G?* 



'bdel 3 




Duo to evidence fpon GoittlT/oil’e rjothod, ci'o.ri bola/, it in 
bcliovoi that t-iocG ox-oorirx!~itGl critical loo.de are ver^; close to 
t!x) tpxio critical loads. 

TI\c diffcrcnco ’jctcTOcn the tlioorotical and oxporlnontal values' 



at the load end, T/horc t'.ic ccction boconos onxillcst and \;!'.orc doxlcc- 
tiesQD nirht be cjrnectod to 'x> lar;jc, *iad to 1x7 rcinl’orcod sj adlin/’ 
nntorial to resist be’idi:^; near tlio end in the yz-nlano ax’ to provide 
a seat for tlx) loiifo c ’.,po, T'zc effect of this reinf orcoinent at f’lc 
end oomot 1x5 accurately talccn iiito account. 

Additional factore triiicli ni~ht cause sii-ior deviations ■.x5t>Tocn, 
tlio theoretical and ozrorlne'ntal values are (1; tl'iciaioss vai*yin,p 
froa 0.124.3" to 0.1253" throuchout tlx? nodol, (CJ use of t>.o r,r.toriai 
values of F and G, and (G / a possibly cliplTtly lonycr effective Icn't:-. 
than 18", (1 J is geigII and entors as t'X5 square! ixx)t of a cujo torru 
(2} enters ae a square root. 

In vieiT of the nanifest isipossibility of loadi;i,q a strari; at a 
point, it is difficult to soo liaj the ticory ni{;;* xi cIiccIicKi aWo- 
lutoly. TTaTover tiio snail -xroenta^o so’Xiratio!; of vali«5s indicates 
good corrocoondonco ’xjtuccn the cx'x^h'xntal aid the t!.ooretioal val.ioc 
for the type of stin^t cons ido red. 

lio fomiulae for calculating; tlx theoretical ci'itical loads for 
truircatod struts, such as aodelc C and h.ai'G Vo!i foun.1, I:i seotio" 




flic ',. <eciG r,r c.tt<j".rfc Ins uacn nr«,4c to dcx-ivo Cj Ic'-i c. fomlf, , 
t!xc cxporincntf'-l criticc.1 lor.lc foi’ o'-.ccc nodcic arc oa:“J.rca 
•./it’i critical \'r.l\xc3 on.lcuir.tod, 

"■ij^/areG P, and 1 Gua.7 ulcrta c-' diffci*oacc/^ vc diffcro'-cc, 

Soutlxvcll iTO.3 nointcd out tliat in tlxo case of cola-ri loadc, (1^ tixoGc 
linos should ’xe straif.Jib and (2 J tlxoir clotwc slx>uld oqual tlio critical 
load, rc-'^irdleso of occontricity* An oxtorsioii of t! ic nctlxod to t^ie 
loadiiv.: under cons idorxj.t ion was suj^fptsted. 

On thoco figures it irill ’to noted thxit a sot of novitc f roi tlic 
sane run, T.'i.ilc ’lavln, a otraif.hfc portion, (generally curvo tavard th.o 
lav oiid of tho Got, Thic curvat’oro ’las been no ’loctod, tind tlm Gti^-ir’ t 
lines iiavo boon dratm, v/ith tho follcR'/in^ onnlcaiation. 

It will iX3 noted tint this deviation fron a straiylxfc lino Incrcacoc 
conorally vrifch tVic ocoentricity, !Io.t tlxose sets of points -.■ill cciiy 
bo in a strai;~ht line insofar as t’lcy roprooent "lointG on a I^'pcr >olic 
carve of ^ vc differonoc, (fij^uroG A, C, and GJ, Doferrin,'; to t'lcsc 
f iCUrcG XTO coo tint thoco curvos vary fron the Iiyporbolic foxnn in the 
lav mne© of differonce, whore tho/ all touch tho ordinato at P» ^or 
the hic'x;r valuoo of ?, t!\e ourvoc aro vosry nuch noro truly hyperbolic 
than for tho la? valuos, duo to tho ixitm*c o.'’ tlic curvoc, Accord3.nrlj!-, 
only tlx5 nointG at th,o hi-licr va.luoo of differonce clnoMld 'x5 co:.i3idcrcd 
in din-vin ctraiy'xt linec repre^sontin tlxc oot of pointc, 

Considorin • the otmi/’ft lincG apprcotiinatr \7 tiic sets of nointG 
for various occontriciticn, we find tho olopcc of thcGo llnoG aro 
apprortratoly parallel for all rone and tJiat tlicy ^ive valuoo of P 

Cl* 



ac foil WTO { 



I 





(Diff. 

?bdol A (25-5)/(0.S5G0 - 0.0795; 7J?,5 Ibc. (Picuro D, Piti 1; 

IJodol B (SC-10y(0,S475 - 0.1420J -= 97.2 lbs. (Picuro D, R<ri 10 y 

Ifodol G (15-5 )/(0. 2350 - O.OOGS; 67.5 lb3. (Pieuro P, i>cca G) 

fbdol D (20-10 y(0.G059 - 0.0542) ^ 193. 2 Ibo. (PIguto H, Pim G) 

t 

Cociparinc tlie critical loads dotominod cxporirBiifcally rrlth those 
detonainod by Soutl^^ll’o mothodf 





Ibcporlraontttl 


3 outhToll 


Souths p of }' 3 cp, 


Ilodal A 


7l.O Ibo. 


72.3 lbs. 


101. a;3 


Ibdol D 


97.2 Ibo. 


97.2 Iba, 


100. 


Tfedol C 


6G.0 lbs. 


G7.3 1130. 


100.71 


Tiodel D 


190.7 Ibe. 


195.2 1130. 


101.41 


tro find vojy 


close ndteronoo for tho 


nodols tostod. 


In ovory caoo 


tho SoutixTOll 


linos oho;7 a oaac3f.TlTat proator critical, 


. This is con- 



sidorod duo to the fact tJiat in loadlnp, for critical on tho eoro lino, 
tliD true exporimontal critical loadi^p reached. 

Tho conolvfflion roaohod, based on tb.o inforsaation o’jbaincd fron 
theoo nodols, is that for theoo typos of strut it is possi'tilo to obtain 
tho critical load fron a ferv; toot points, v/ithout first dotominlnp 
tho oontor point of tho strut, end v.'lthout poinj: to loads trhich niplit 
cauao tl^e ylold otroncth to bo oxooodod. In such a detomimtiaa it 
will bo inportorrt, (1) to uso a anc,!! oocentrioity, or (2) to talso 
points fron hiplior loadings only. 

T5io proooduro would bo to sot un tho nodol in a saonnor cinilar 
to that shown horoin, plaoo tho point of loading fairly clooo to t’>o 
nodol oontor, apply loads, anrl rnoosuro tho dcfloctions (anplo of teTist) 



i 



i 





vs the various loadioc** Dlvido the deflect ione bj^ tho loading and 
plot vs tho deflection. Tho slope of this lino will give the critical 
loadiTor that strut. 

Page 45 gives the tabular form and page 54 gives tho graphs 
ioal forra of eooontrioity vs whore represents tlio displaocmont 
of the DIPF./P vs DIPP. lines where they cross the DIPF. axis.' While 
Oj is coaasldered as sane function of tho eccentricity it moat be point- 
ed out that cone idei*able error may easily bo introduced into tho ex- 
perimeistal dstemination of Firsts if the . eccentricity introduced 
is not as estlaated or calculated, the entire set of values detemlning 
the plot of P vs DIPP. will be In error, thus introducing an enror in 
tho c\avcs whioh deteimine tho val\aes of In tho second plaoe, the 
linos detemining (especially for high eccentricities^ are approx- 
InaticBxs to sots ot points which do not have a well defined straight 
portion. An error in the slop© of any DIPP./P line will introduce 
considerable error in the for that eccentricity, should be laore 
representative as a measure of oooentrieity for the lower rtnge of 
eccontrioity. 

Coi»idering the data shewn, we sec that tho data for models 
A and B was plotted to, tho sane scale, and henco we should expect sons 
correlation between tho curves of vs eccontrioity* These curves for 
models A and B do show a narked degree of sJailarity. This similarity 
is emi^siEed by comparison with the curves for models C and D, whose 
points are derived from lineo drawn to different scales, but which 
still show the saise general trend as models A and B. 

Prom the data available in this experiment it is impossible 
to toll whether the double curvatxnres shown in figure I are inherent 
in the problem, w are due to senao eonoisteht error in the exporlnontal 
setup. 
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V. TfiF^ISSTICAL UIVBSTIGATIOM 



A. DTTHODTJCTiai 

A 9 a theorotiaal problora it waa proposed to dorlre a fonsula 
that would handle the orltloal load for latoral buokling of thin struts 
of ooQStaat thloknras which are either tapored to a point or tjrunoatod. 
{he triangular ease has boon well presontod V Tliaoehonlco in Theory of 
Elostlc Stability. ' HeAmrer very little vrork has been preoonted for the 
spooifio probloea of truaoated strutfk Fedorhofer (itoferenoe 2 ) has 
presented a oolotioa to ^Is preblen whleh is coBiplloatod ty t>u> faot 
that it Is presented using eonstants worked out for spooifio taper 
ratioe* The solutim in this papor la oonsidsrod oore flexible in 
that it May be seised directly by subetltuting the plyaioal ond mterlal 
salues the aodeX« 

In this solution ros<nrt was made to Biyleigh's principle 
whloh is disowsed In the next part^B* 

Bart C presenta the derlsaticn ef the formla* 

ConolusioBS are presented in part D* 

^ D3SCIBS1OT OP RiYLBIGH^S PRinCIPLB (HBPERBmJE 4) 

Tho general idea of Rayleigh's pwinolple is that the potential 
energy sniat be equal to tho external srerk dene* In relating this to the 
test for stability wo base a structvure in equllibriun undor load* This 
will only ge out of equilibrltaa If tho setup is aoted upon by boms dis» 
turbing force, called F* The defoxmtion produoed will bo oaused by 
two energies i W, tho work done by tho original load and 7, tho ^strain 
potential energy aoquirod in tho deforraation* Lot E be tho woric done 
by the disturbing foroo end T be tho kinetic energy acquired by the 

setup* By the prlnolple the conoeinratico of energy wo can write i 
Reference 4: G-.R.J, Temple and W.G.Biokley, " Rayleigh *s Principle and Its 



Applications to Engineering" , Oxford University Press, London, 1933. 



W + E 



V + T 



T Trill have to b© groater then or equal to 0. Mow if V > W, the 
©n«rgy difforenca, V • W, trill be supplied by the disturbing forces* 
Dofonaation occtirs only when these forces aro of suffieionb rngnitudo* 
Dub if V ^ W, the work done by the distxirblng foroes, no natter how 
small will all be comrerted into kinetic onargy* Ihereforo, the 
criterion for stability is that V > W for all defonaations* 



The general equilibrium condition for a oanbilevor beam, 
loaded as shown below, is 







O 



whs re; 

*= tho angle of twist 
C *= flMcuml rigidity about s<i>axia 
B “ flexural rigidity about y>*axis 
A *= torsional rigidity 
G *= sagging couple 



The critical oondition for stability is glrcn byi 
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I 




m 



e 



I 








Jt 






Jl 



A 



C, SOIOTlOII FOR CRITICAL LOAD OF TRDSCATED BEAM OF C016TART 
THICKBFSS A!fD LINEAR TAPER LOADED AS SHOim 



ABBUfiipti<mt< 

i« vrithln eXftatlB regiow. 

2. Torsional rigidity Tarios linearly. 

The flexural rigidity about the B*axlot 

C - kJil L* < * < (L* + L j . 

12 

Loti 

= jC at fixed end. 

At any place on the beaiat 

*n)9 torsional rigidity (Rsferonoe 5)» 

Keferoace 5: S, Timoshenko, " Theory of Elasticity ", p.249, McGraw-Hill, •1934. 
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{x • 0.6S0 



-7 ic' 

i L. 

^ -n-.Ui.S 



r<f A/Y 2^1^ 



L»tl 



*® if at fixed end. 
X 



At any plaoe on the beom« Moiaoet 
/7x -- 



Ihe general differential equation for the eqxiillbrim oonditien lai 

, 4Am 4* ^ = o 

^ X* *■ ‘ •S * ^ 



7/hcre* 



G « P (x - L* ) 



S0*7} 



A 

Jl X 






SUbetltutingi 

,JL,V4> ' ^ a 

flf(uL'/ L-;!’ Ili. ” - ^ '*■ 

P*- + f X-l9‘ 

ro — O 



- o 



i. Ai. 

4!^ ^ j. Af u - jj? o*A = 



'jf <^S- 

P*^(L-^0’• 



8y uelng tho folloirlng apprcodMoto method of solution teo will have a 

-G3- 



solution of tho form 



^ •= K f (x. 


Ii, L»; 


^ * ♦ 

n» boundary oonditions arot 




* “ t' 

f or (fi 


^ / 0 


X “ L + L* ^ 


<f) t= 0 


./ x“I»* , 

for i 


f ==0 


X » L + L* ^ 


' /o 


,» X ~ I» 

for 


<^)"«0 


X « Z. + I,' ^ 


«*>" -0 


III 

for <t> 




4'“- r<*'- 




f 


11/ 


X « || 

• 


4> tm 0 


X = L + l’ , 


dy 0 


for 




i'*' i. ^’" ^ .'• Z ji 


1 









t gXL- 3xV 4C'7^ -L ~ gx^/ X^(A-c }- (a-c 9^A? pt 



t 1^ 

x = L . <#» 3^0 

X « L + L* » 4>' V 0 



Higher order dorivatlvoo give no further boundary ooiriiticna. 



In tho dlffor«xtial equation, latt 



Li Li 
^ Ll± 



Substltutlngf 



4!i 




LA 

L'i 







wh#r« y go«« trm 0 to U 

We hatve flTe boutudary condltloma and thsrofora aeloot a 
serlee anstaaad to z^present ^ ourvo of ths form 



*= ^ («^j iP + aj I.V.+ »2 ■*^4 ^ 

Por boundary oonditlcczt y ®* Lj ^ “ 0- Lg?^0 

*0 *** *1 *2 ®« ■*' ""4 ‘‘B “ ® 

* K 

4 ^ 8ng L®y + Sag + 4a^ + Bag y* j 



Por boundary condition t y *= 0| <p ^ 0 



- o 



" K. 

^ ^ (2ttg L* + 60g iSa^ Ijr^ + SOOg y® j 

It 

II 

For boundary oonditlent y = 0,l4 4 ~ 0 



o *= 0 
2 



3a + 6a. + iOa„ « 0 
o 4 5 
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•M jr Q 

<P (12®j 5 r 2411. ly + 60a„ y2 j 

L® 4 5 

I" 

For boundary oondltloni y *= 0| 9 *= 0 

0* 

Tfe have two equatlono with throe imknowne. 
Solving In terms of e*s 



a a + = 0 

o 4 5 

5a + 5a_ “ 0 

4 5 

-|'*6 



^ 2 

% ~'?*5 



a , £=> 0 ' 



. 3-0 



*S 



Substituting in ^ we have.* 

<(>' <1 ( i, a.^ -^) 






^=k(2-'5--^ + 3 -^) 



or substituting for y * x • L* i 



<#> «= K |s • ; Qc j 

<f> « I { -20 + 15 iiSLIlJ:!/ ? 

t t* ; 

4> “ It / -60 + 60 Ssl^liLj? ? 

^ L -* t .6 3 



L L* 

Substituting <f> and in critical condltloai 



“CG** 
















G » P< 3 : - L* ) 

11 -L 



l'f‘^ It-L S' 

fff / tf r *■— P*- f — ^ 

j' 2 ^ 7 T 7 ^ j ^ ‘ A ^ 



f^TCTcJ^ 



K^ 5 ^ 0 



7 h 0 nt 

I 

t^C 









R I «(-20 7?^-^ 4^" ■ I '•^■'*[2-^ 'it • 5 ‘4^-’ i <! 



SlnplUV^ngt 

>iir<-Lj _ ;»<(x-iy ^ A(x-cy -) « 

"17“ ' - 2 -j "T^— + f - 7 ^;?- } 



.u*l' 

R 2^// 

?zTx-x';\ ^\..u.c)-} 4x 



Int:«gf«ting and ainplifylngt 

Rf Cf- 
ZS ^ - 



*ft 2x-)- ffc «'*W^- “*■ 

/• ■f i-‘- H/'^rwar-Yf-gir 

+ (At^-Zo^‘‘- tz x\ zsi" ) I*u «- 



-G 7 - 



■where I 



^ l' h-*' L* 

0 -L u“—£r 

b iP _ 




For triangular atruta, L* *=* 0, )T *= 0, 

wharei b h « 4.5*, L = Is”, E == 10.6 (10®}, H “ 3.9 (10®) 



and wham: h 



P « 78.7 Iba. 

ar 



6.0 , other waluea ranaining the aoB»t 



“ 97;5 Ibe. 
or 

In n R 

For trunaated atructa, wharai “ S»6 hp “ 0.5 

t* *» s” L is" E « 10.6 (10®; H «= S.9 (10®} 

P *= 62.8 Iba. 
or 

and wharai B * 50 (20® }, H 11.5 (10®}, other valueo rBoaining the 
aaaoi 

P «= 179.5 Ibe. 
or 



' D. C0NCL05I0RS 

The theoretioal Taluea obtained hy use of the formula above 
nny be oompared with ths eucparisMwital valviea for the rarloua atrurta 
tested. In tabular fonai 



-GO- 



Ejcx)erimental Theorotic&l Theo..r» j of Bxp» 



Model B 



Ifodol A 



71.0 Ibe. 



97.2 lb«. 



72.7 Ibe. 



97.5 lbs. 



102.5 ^ 

100.2 ^ 



Model C 



6C.9 lbs. 



62.8 lbs. 



93.9 ^ 



Model D 190.7 Ibe. 179.5 lbs. 



94.1 % 



Duo to the faot that the laodels hae to be built up at the 
end (in the oaee of the trUngular etrute to prcnrent bending and to 
prorlde a aeat feu* knifo edge« and lb tho ease of tho truncated struts 
to proride a seat for knife edge^ -the the<»‘otloal values should be 
\«der the escperliasntal value for all struts. 

In all eases vs have assuasd that the torsional rigidity 
varies linearly with the length. Actually tho torsional rigidity 
varies as follows i 



Examination of the fenaula shows that for very smll values of h, aucih 
as oeour at the tip of^ triangular struts ^ the torsional rigldlty.bc» 
eocaes smller than would be predicated by linear variation of torsional 
rigidity, thus asking our theeretieal values for these struts high. 

This explains the greater value of our theoretical ofver experlaental 
valuos for aodela A end 3. 

For the trunoatod struts this effoot is not so gx^t, and as 
one would expoot the theoretical values are under tho experimental values. 
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General experimental setup 4. Setup under load 
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